Superconducting Weyl semimetals present a novel and promising system to harbor new forms of unconventional topological superconductivity. Within the context of time-reversal symmetric Weyl semimetals with d-wave superconductivity, we demonstrate that the number of Majorana cones equates to the number of intersections between the d-wave nodal lines and the Fermi arcs. We illustrate the importance of nodal line-arc intersections by demonstrating the existence of locally stable surface Majorana cones that the winding number does not predict. The discrepancy between Majorana cones and the winding number necessitates an augmentation of the winding number formulation to account for each intersection. In addition, we show that imposing additional mirror symmetries globally protect the nodal line-arc intersections and the corresponding Majorana cones.
Dirac and Weyl semimetals (WSMs) feature prominently in the study of topological materials alongside other semimetallic systems such as nodal line semimetals and semimetals with higher order degeneracies [1] [2] [3] [4] . The low energy excitations of isolated gapless points (Weyl nodes) in the bulk Brillouin zone (BZ) of WSMs are Weyl fermions [5] [6] [7] . Weyl nodes are two-fold band degeneracies that are present in systems with either broken timereversal symmetry (TRS) or inversion symmetry (IS) [7] [8] [9] [10] . In WSMs, open boundaries host topologically protected surface Fermi arcs connecting Weyl node projections of opposite chirality in momentum space [5] . WSMs have been experimentally observed in a wide range of materials, most notably in the transition metal monopnictide class [7, [11] [12] [13] [14] [15] .
The combination of WSMs and superconductivity is a powerful and robust platform for realizing novel topological phases of matter. In a topological superconductor (TSC), the quasiparticle spectrum has topologically protected, gapless Majorana modes that are essential to many topological quantum computing implementations [16] . Recent theoretical studies have primarily considered conventional (s-wave) or unconventional (d-wave) pairing in IS WSMs via bulk-doping [17] [18] [19] [20] [21] or proximity effects [17, [22] [23] [24] [25] . In the case of TRS WSMs, TRS superconducting pairing between Weyl nodes of opposite momentum and equal chirality opens a bulk superconducting gap so long as the pairing potential does not vanish at the Weyl nodes [26] . In fully gapped superconductors, the sign of the pairing potential, combined with Fermi surfaces possessing non-zero chirality, define the topological invariants for classes of 3D TRS TSCs [27] . Within the weak superconducting pairing limit, the relevant topological invariant is the winding number, given by
Here [11, [13] [14] [15] , we consider the addition of mirror symmetries and determine the augmented topological classification that crucially depends upon the nature of NAIs.
We begin with a phenomenological Bogoliubov deGennes (BdG) Bloch Hamiltonian that describes TRS WSMs with d-wave pairing
In this formulation, [17, 29] , and ∆(k), h 0 (k) denote the d-wave pairing matrix and the TRS WSM Bloch Hamiltonian, respectively. The full Hamiltonian written in terms of Eq. (2) commutes with both the TRS and particle-hole symmetry (PHS) operators. In terms of h BdG (k), these symmetries are written as U K, where U is a unitary operator and K is complex conjugation.
where τ , s denote the Pauli spin vectors in the Nambu and spin spaces, respectively. Due to TRS, a Weyl node and its TRS partner have the same chirality, thereby ensuring a gapped bulk quasiparticle spectrum in the presence of d-wave superconductivity, so long as the Weyl nodes do not occur at nodal lines [26] . TRS further prohibits a complex phase in the pairing potential [21] , implying that sign changes accompany nodal lines in the superconducting order parameter.
We now consider an open boundary in theẑ-direction and assume that the superconducting pairing potential has no dependence in k z . Fig. 1 depicts a hypothetical configuration of Fermi arcs connecting Weyl node projections at the openẑ boundary where the nodal lines of a d xy -pairing potential are superimposed. By Eq. (1), the winding number is N w = 2 for this configuration of Weyl nodes. In general, a non-zero N w implies that, for any normal phase Fermi arc configuration, at least |N w | intersections between Fermi arcs and nodal lines in the pairing potential must occur, as shown in Fig. 1 .
To relate the NAIs and the bulk winding number, we introduce an orientation of the Fermi arcs that starts at the positive chirality Weyl node projection and ends at the negative chirality Weyl node projection. The oriented NAIs allows us to recast the winding number as
where i sums over all the NAIs in the BZ, ∇∆ i is the gradient of the pairing gap function at the intersection, andû i is a unit vector tangent to the Fermi arc at the intersection and pointing along the orientation of the arc.
To illustrate the importance of NAIs in understanding the nature of the surface physics, we note that, by definition, ∆(k) = 0 at NAIs. At these momenta, h BdG (k) decouples into particle and hole sectors
A Fourier transform in the open boundary direc-
. Therefore, the Bogoliubov transformation,
which is the eigenstate of the surface Hamiltonian, satisfies γ † k ,z = γ −k ,z . This is precisely the criterion for a Majorana operator under open boundary conditions [30] . The linear dispersion of both the Fermi arc and the pairing potential at the nodal line ensures Majorana surface cones occur at every NAI.
Eq. (4) makes clear that the total number of NAIs and thus Majorana cones is not equivalent to the number of topological Majorana cones. Thus, additional Majorana cones beyond those required by the winding number occur as pairs in the quasiparticle spectrum. Due to chirality, these additional unprotected Majorana gap pairwise when brought together in momentum space by an adiabatic deformation of the Fermi arc configuration. Therefore, if the number of NAIs is preserved, then the accidental Majorana cones are stable in the clean limit.
The inclusion of mirror symmetries such as those present in TaAs and TaP fundamentally alters the topological structure of the BdG Hamiltonian, thus changing the number of topologically protected Majorana modes at NAIs. To illustrate how the topological protection at NAIs changes under mirror symmetry, we consider a 
where σ i are the Pauli matrices that act on orbital space. The parameters A, B, and λ break IS that, by definition, sends k → −k. The last term is a Rashba coupling term that alters the connectivity of the Fermi arcs when λ is changed, as described below. h 0 (k) also respects the mirror symmetries M x/y := is x/y . The superconducting pairing matrix takes the form
where ∆ α denotes the two types of d-wave pairing gap functions, either ∆ xy or ∆ x 2 −y 2 , given by
Since the pairing potential vanishes at nodal lines for both intra-and inter-orbital pairing, we include only intra-orbital pairing and set the magnitude to be ∆ 0 = 1. In the BdG Hamiltonian, h BdG (k) satisfies M i symmetry if
wherek denotes the momenta unaffected by M i . For d x 2 −y 2 -pairing, the mirror symmetries are given by M x = iτ z s x , M y = is y , while for d xy -pairing the mirror symmetries are written as M x = is x , M y = iτ z s y . The difference in the form of M i between the two types of d-wave pairing arises from a U (1)-gauge choice in the hole sector of h BdG (k) [17] . Specifically, if M 0 i acts on h 0 (k), then
To determine the topological classification under M i symmetry, we utilize the minimal Dirac Hamiltonian method, which involves analyzing the existence or nonexistence of additional symmetry-preserving extra mass terms in topological Dirac Hamiltonians [32] [33] [34] . The extra mass terms depend upon indices η 
There is a profound difference in the topological classification of the BdG Hamiltonian depending on the values of η i T , η i C . To illustrate the difference, we begin with d x 2 −y 2 -pairing that corresponds to η T = −1, η C = −1. We find that d x 2 −y 2 -pairing is always topologically trivial under both M x and M y symmetries. We may understand the emergence of trivial topology in the presence of d x 2 −y 2 -pairing by considering a bulk Weyl node situated away from any high symmetry points in the BZ and its TRS partner of the same chirality. Upon including either M x or M y symmetry, both Weyl nodes now have a partner of opposite chirality, as depicted in Fig.  2(a) . Neighboring nodes of opposite chirality always occur in regions of the same sign of the pairing potential. Eq. (4) then implies that the contribution of each pair of neighboring nodes to the winding number vanishes. Furthermore, for d x 2 −y 2 -pairing there always exists a Fermi arc configuration wherein neighboring Weyl nodes in the same sign of pairing potential may be connected, thus implying the winding number vanishes, as shown in Fig.  2(b) .
In contrast to d x 2 −y 2 -pairing, d xy -pairing, corresponding to η T = −1, η C = 1, supports a Z ⊕ Z classification [32] . The first Z index corresponds to the winding number as given in Eq. (4), while the latter index corresponds to the mirror strong index, N MiZ . While the topological classification is extended under d xy -pairing to include two invariants, the number of protected Majorana modes is given by max(|N MiZ |, |N w |) [32] . Assuming a generic h 0 (k) respects M y symmetry, we block diagonalize h BdG (k) into h BdG,+i (k) ⊕ h BdG,−i (k), where ±i are the eigenvalues of M y . The mirror strong index is then given by [32] , is defined as
where C
+,BdG i
denotes the Chern number for h BdG,+ on the surface k y = i in the bulk Brillouin zone [36] .
Turning to the tight-binding model given in Eq. (7), we choose the parameters A, B, k 0 , and m z such that eight zero-energy Weyl nodes are located in the BZ as shown in Fig. 3(a) . In Fig. 3(a) , we show the Zak phase corresponding to h 0 (k) (λ = 0) along theẑ boundary, defined to be γ Z (k ) = dk z A(k), where A(k) is the Berry connection. The regions where the Zak phase equals π denote the locations of the four Fermi arcs, while the vorticity at the Weyl node projections indicates the sign of the chirality of the bulk Weyl node [37, 38] . Including d xy -pairing and using Eq. (4), we find N w = 0, while, in contrast, |N MyZ | = 4 [39] . The non-zero value of the mirror strong index is evident from the geometrical configuration of the Fermi arcs. Since the pairing potential vanishes along the mirror plane, the mirror strong index is simplified to |N MyZ | = |M Z 0 |, where M Z 0 denotes the mirror Chern number of h 0 (k). As M y symmetry conserves the Chern number in each mirror sector, Fermi arcs with opposite chirality cannot hybridize to produce a gap at k y = 0. Therefore, the number of zero modes intersecting k y = 0 must be preserved. Since there are four Fermi arcs crossing k y = 0 (two Fermi arcs per mirror sector, as shown in Fig. 3(a) ), the mirror strong index is |N M Z | = 4. Correspondingly, the four locations where the Fermi arcs cross k y = 0 exhibit Majorana modes.
We further elucidate the relation between NAIs and N MyZ by considering mirror-symmetric deformations of the Fermi arcs that change the connectivity of the Weyl nodes, as shown in Fig. 3 . Noting that the mirror planes and nodal lines coincide, the particle and hole sectors decouple and we may restrict our analysis to the normal phase Hamiltonian. Starting from Fig. 3(a) , we increase λ while preserving M y symmetry, thereby changing the Fermi arc configuration to that shown in Fig. 3(b) (λ = 0.1) and, finally, arriving at Fig. 3(c) (λ = 0.5). Fig  3(c) shows the final altered Fermi arc configuration after reconnecting the Weyl nodes where, despite changing the Weyl node connectivity, the number of zero modes crossing k y = 0 is conserved by the creation of a disconnected Dirac cone [40] . These dangling Dirac cones ensure that the Z mirror Chern number remains unchanged in the normal phase. The coincidence of nodal lines and mirror planes in d xy -pairing ensures the topological protection from the mirror symmetry carries through from the normal phase to the superconducting phase. Moreover, in the superconducting phase, after the deformation four surface Majorana cones appear at the NAIs along k x = 0. Thus, the mirror symmetry ensures that the number of NAIs are preserved even when the Weyl node connectivity is changed.
Finally, we propose a tunneling experiment in TRS WSM-d xy -wave superconductor heterostructures to observe mirror-symmetric Majorana modes. Due to the metallic states of the WSM, the proximity-induced superconducting order parameter amplitude of the d xy -wave superconductor will propagate through the bulk states of the WSM and fully reach the opposing surface. Therefore, this setup effectively realizes a TRS WSM with d xypairing. A TRS WSM such as TaAs with M x and M y mirror symmetries [11] possesses trivial winding number under d xy -pairing. However, the M x and M y mirror symmetries permit a non-zero mirror strong index that protects surface Majorana modes. These Majorana modes may be observed by scanning tunneling spectroscopy measurements of the local density of states on the open surface. However, the topological protection is lost by breaking the mirror symmetry via application of mechanical strain. Thus, changes to the differential conductance in the tunneling current would indicate the presence or absence of topological Majorana modes protected by mirror symmetry as a function of applied strain.
